ABSTRACT. In this study, early expressions of peripheral blood Th1 and Th2 cells were documented following rat liver transplantation and related to immune status. Rats were divided into 3 groups: group A (control): syngeneic transplantation (Brown Norway (BN) → BN); group B: allogeneic transplantation + cyclosporine A (CsA); group C: allogeneic transplantation (Lewis → BN). Flow cytometry was used to analyze peripheral blood CD4 + CD45RC percentage on days 1, 3, 5, 7, and 14 following transplantation, and were compared to graft rejection pathological grades and receptor survival times. The average survival of groups A and B exceeded 100 days, which was significantly longer than that of group C (3.56 ± 34.3 days). With the exception of the first day, rejection grades were significantly higher in groups C and B compared to group A, and group C rejection grades were significantly higher than those of group B. Three days after transplantation, the CD4 + CD45RC + to CD4 + CD45RC -ratio of group C was significantly higher than that of groups A and B. In group B, the CD4 + CD45RC
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INTRODUCTION
Liver transplantation had its inception in 1963, when the diseased liver of a 3-yearold child with extrahepatic biliary atresia was replaced (Starzl et al., 1987) . Since then, subsequent successes have established liver transplantation as standard therapy for advanced chronic liver disease. Since 1983, the 1-year survival rate has increased from 25 to 78%, depending on the age and health of the recipient, the underlying condition, and various other clinical considerations. Liver transplantation is recommended for chronic end-stage liver disease, fulminant acute liver failure, and cancer limited to the liver (Mowat, 1987) . The longterm survival rates for clinical organ transplantation have improved substantially, and it has now become the best treatment option for patients with end-stage organ failure. Nevertheless, allograft rejection remains a major obstacle to organ transplantation. Rat liver transplantation is currently the most common experimental liver transplantation animal model and has provided valuable data for clinical practices. In this study, we use inbred Lewis and Brown Norway (BN) rats to examine the early expression of peripheral blood Th1/Th2 cells following liver transplantation.
MATERIAL AND METHODS

Experimental animals
Inbred, specific pathogen-free (SPF) and viral antibody-free (VAF) male Lewis rats, weighing 200-250 g, were purchased from Beijing Vital River Laboratory Animal Technology Co., Ltd. These rats were used as donors in the experiments.
Inbred SPF/VAF male BN rats, weighing 200-250 g, purchased from Beijing Vital River Laboratory Animal Technology Co., Ltd., were the recipients in the experiments. We adopted an improved version of the Kamada cuff method to establish a model of liver transplantation (Kamada and Calne, 1983; Yang et al., 2006) . All animals were maintained under standard conditions.
Experimental animal groups
Animals were divided into 3 experimental allograft groups: group A (control): N = 36, syngeneic transplantation (BN → BN); group B: N = 36, allogeneic transplantation (Lewis → BN) + 2.0 mg·kg -1 ·day -1 cyclosporine A (CsA) subcutaneous injection for 0-7 days; group C: N = 36, allogeneic transplantation group (Lewis → BN). In addition, subgroups were established (6 rats per group) to document survival periods. On days 1, 3, 5, 7, and 14 after trans-plantation, the transplanted liver was cut for pathology detection, and another set of subgroups were established to observe general post-transplantation effects and recipient survival times.
Specimen collection
Six rats were euthanized and specimens collected on the 1st, 3rd, 5th, 7th, and 14th days after transplantation.
Pathological analysis
Liver tissues were fixed in 10% neutral buffered formalin, made into a wax block, and sliced for rejection pathological examination.
Flow cytometry analysis
The Coulter EPICS XL cytometer (Coulter, Miami, FL, USA) was used for flow cytometry.
Whole blood cell phenotype analysis
Phenotypic blood analysis was performed by the two-color immunofluorescence method (Garvy et al., 1993) using the PE-mouse anti-rat CD45RC (clone: OX-22), FITCmouse anti-rat CD4 (clone: w3/25), and anti-mouse-IgG1 (A85-1) antibodies (Coulter).
Each subgroup was fed under standard conditions to observe their general condition and record survival times. Acute rejection grading was measured by reference to the Kemnitze criteria (Kemnitz et al., 1989) : 0 grade, no rejection evident; 0-1st grade, exclusion tendencies, but not enough to diagnose: mild mixed cell infiltration of portal area, bile duct injury, no intravenous dermatitis; 1st grade, mild acute rejection: portal area with mild mononuclear cell infiltration, mainly lymphocytes, and partially visible mixed cells. Intravenous dermatitis is visible at the portal and/or central vein areas, liver parenchymal cell necrosis can be seen, more than 10% of the liver parenchyma area has visible mononuclear cell infiltration, and bile duct injury; 2nd grade, moderate acute rejection: mononuclear cell infiltration of the portal area can be seen more clearly, and degenerative changes of the liver parenchymal cells are evident. Non-bridging necrosis is visible in some areas, and mixed cell infiltration can be seen in the hepatic parenchymal area, mainly mononuclear cells, about 10-30% of the entire liver parenchyma, portal area and central venous dermatitis, and bile duct injury; 3rd grade, severe acute rejection: mixed cell infiltration can be obviously seen in the portal area and liver parenchyma, mainly mononuclear cells, more than 30% of the entire liver parenchyma has clear degeneration and necrosis, some bridging necrosis, portal area and central district intravenous dermatitis, and bile duct injury. plant recipient group. Other variables were analyzed by one-way analysis of variance and the Q test. The Pearson test was used for correlation analysis among different parameters. Differences of P < 0.05 were considered to be statistically significant.
RESULTS
General condition and survival time in each postoperative group
All recipients were awakened within 0.5-1 h following surgery, given water 1-3 h later, and food 1 day later. Seven days following transplantation, group A rats had normal fur, weight gain, and all were long-living (more than 100 days). In contrast, group C rats had gray fur, ate poorly, had progressive weight loss, and were all dead by 28-38 days following the operation, with a median survival time of 33.3 days. In group B, 4 of 6 rats achieved longterm survival. Although their general condition was poor, they ate less, and their weight did not increase, their condition improved after withdrawal, mental status improved daily, activity increased, and their survival time was significantly longer, with a mean survival time greater than 100 days. Survival times of groups A and B were both significantly higher compared with that of group C (P < 0.001), whereas there was no difference in survival between groups B and A (Figure 1) . 
Pathology and rejection grading of transplanted livers
In group C, transplantation rejection escalation peaked at the 14th day, and the rejection grading period was significantly higher than that of groups A or B (P < 0.05 and P < 0.01, respectively). The exclusion grading trend of group B was similar to that of group C, although its exclusion intensity was significantly lower than that of group C, but higher than that of group A (P < 0.05 and P < 0.01, respectively; Figure 2A ). 
Flow cytometry receptor CD4 + CD45RC cells in peripheral blood
As shown in Figure 2B , the percentage of CD4 + CD45RC + cells in the peripheral blood mononuclear cells increased in groups C and B after liver transplantation, and this increase was significantly higher in group C. As shown in Figure 2C , the percentage of CD4 + CD45RC -cells in peripheral blood mononuclear cells also increased in groups C and B after liver transplantation, with a more significant increase observed in group B. As shown in Figure 2D , in group C, the ratio of CD4 + CD45RC
+ to CD4 + CD45RC -in the recipients' peripheral blood increased by the 3rd day after transplantation, and peaked at the 14th day, whereas in group A, the increase and peak occurred at the 3rd and 5th days, respectively (P < 0.01). After 3 days, compared with group B, the increase was also significantly higher in group A (P < 0.01 or < 0.05). An example of the flow cytometry results from group B at 5 days after transplantation is shown in Figure 3 . + to CD4 + CD45RC -in the peripheral blood of group B recipients was negatively correlated with the donor liver pathology rejection grade (r = -0.565, P < 0.01). In contrast, this relationship was positive in group C (r = 0.745, P < 0.01).
DISCUSSION
Recent studies have confirmed that CD4 + CD45RC
+ and CD4 + CD45RC -T rat peripheral blood lymphocytes represent Th1 and Th2 cells, respectively (Hylkema et al., 2000; Chung et al., 2000) , and the balance of the two subsets can be directly determined. In this study, we used flow cytometry to examine the expression of a series of peripheral blood lymphocyte surface antigens in an allogeneic liver transplantation rat model. CD4 + T lymphocytes can be divided into Th1 and Th2 as two functional subsets. Th1 cells correlate with cellular immunity, while Th2 cells are mainly related to auxiliary humoral immunity, and their balance directly affects immune function. When activated under certain conditions, neonatal CD4 + Th cells can be directed to differentiate into Th1 or Th2 cells, and conditions of the cytokine microenvironment play a major role in this process (Paul and Seder, 1994; Constant and Bottomly, 1997) . Th1 and Th2 cell responses are also affected by the mutual adjustment of their respectively produced cytokines. For example, Th1 cells produce IFN-g, which can inhibit Th2 cell development and humoral immunity, while Th2 cells produce IL-4 and IL-10, which can inhibit Th1 cell development, activation, and the activation and bactericidal capacity of MФ. Some studies have shown that Th1 is highly expressed during rejection, whereas Th2 is expressed mainly during tolerance or long-term acceptance of transplanted organs (Amlot et al., 1995; Quiroga et al., 2006) .
As shown in Figure 2B and C, CD4 + CD45RC + and CD4 + CD45RC -were essentially expressed at baseline levels in the control, group A, except for a mild elevation observed on the 3rd day after transplantation. The ratio of CD4 + CD45RC
+ to CD4 + CD45RC -( Figure 2D ) also remained relatively stable in the control group, in which the recipients' survival time exceeded 100 days after transplantation. The early rejection grades demonstrated no apparent rejection, indicating that the CD4 -have different degrees of expression, but the trend is not clear. In Figure  2D , this trend is illustrated for group B, in which the CD4 + CD45RC
+ to CD4 + CD45RC -ratio decreases below the level of the control group, and is negatively correlated with rejection grades. The average survival time of this group was also greater than 100 days, indicating the long-term survival and immune tolerance level for rat liver transplantations. This result suggests that immune tolerance is reached when Th1 cells offset to Th2 cells after rat liver transplantation, and confirms that Th2 is expressed under immune tolerance or long-term acceptance. In group C, rejection grading was positively correlated with the CD4
-ratio, which increased with higher rejection grades mainly due to an increase in CD4 + CD45RC + . The survival time of the group C recipients was very low, at 34.3 ± 3.56 days. CD4 + CD45RC
+ was mainly expressed in the process of rejection, confirming the hypothesis that Th2 cells contribute to long-term acceptance. To avoid rejection in the rat liver transplantation models in group B, CsA was applied, which may be involved in many immune reactions (Queen et al., 1989; Vincenti et al., 1997; Williams et al., 1999) . CsA inhibition is generated by cytotoxic T-lymphocytes, and its antigen receptor is the cyclosporin binding protein, cyclophilin. At the gene level, CsA inhibits the production and release of IL-2 and IFN-γ (Grinyo et al., 2004; Zhang et al., 2007) . IL-2 is a growth factor that is correlated with T cell survival, differentiation, and proliferation (Amlot et al., 1995) , and IFN-γ is a critical factor (Quiroga et al., 2000) promoting Th1 cell differentiation. Kovarik et al. (1996) showed that CsA could stimulate promoter activity of the transforming growth factor-b (TGF-b) gene, thereby increasing TGF-γ expression. Furthermore, Cho et al. (2007) showed that in vivo or in vitro administration of CsA inhibited the nuclear translocation of NF-kB, thereby inhibiting dendritic cell (DC) maturation. Mature DCs play a key role in allograft rejection, in which immature DCs can prolong the survival of transplanted organs. Therefore, our future research aims to further explore and clarify the role of CsA in organ transplantation success.
